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POWER SUPPLY UNIT 

i 

BACKGROUND OF THE INVENTION 
[0001] 

5 The present invention relates to an electric power supply unit which 

supplies the electric power to an engine control unit, and particularly to an electric 
power supply unit for the engine control unit which supplies the DC power to a 
computer for controlling an automobile engine, 
[0002] 

10 Recently, the size of the semiconductor wafer for one microcomputer has 

become small from the viewpoint of the downsizing and the cost reduction. 
Moreover, an electric current increases if the clock speed goes up. Then, it is 
necessary to reduce the voltage to satisfy the electric power and reduce the entire 
electric power. The blocking voltage cannot be taken for the conventional voltage 

15 when the size of IC chip of the microcomputer becomes small like this and thus the 
blocking voltage has become lower. That is, a CPU core power unit has an 
inclination of adopting a lower voltage to decrease the loss when making the 
microcomputer speeded up. 
[0003] ^ 

20 On the other hand, the microcomputer needs a plurality of power units, 

because the reference voltage of an analog to digital converter and the digital I/O 
power unit voltage remain the conventional 5V voltage. 
[0004] 

In the conventional electric power supply unit. 5V voltage is generated by 
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the switching regulator to obtain the CPU core power supply voltage, and voltage 
3.3V is generated by the series regulator to obtain the CPU core power supply 
voltage. 
[0005] 

5 Further, 5V is generated from the voltage of the battery through 7.8V 

generation linear regulator as a reference voltage of the AD converter (For instance, 
see pages 4 - 5 and Fig. 1 of Japanese Patent Application Laid-Open No. 
11-265225). 
[0006) 

10 In this official gazette, the countermeasure to decrease the regulator loss is 

done like this. However, in the microcomputer which requires a plurality of power 
supplies (For instance, when it is necessary to supply two of 5V and 3.3V voltages), 
The isolation in the microcomputer collapses when the voltage of two power 
supplies supplied to the microcomputer is reversed, and there is a possibility to 

15 cause latch-up. 
[0007] 

Moreover, the blocking voltage of the elements used internally tends to 
become low by the shrink of the microcomputer in the electric power supply unit 
disclosed in the above official gazette/ Therefore," these elementsfiave a potential" 
20 of causing the blocking voltage breakdown when the potential difference between 
5V and 3.3V power supplies is large. 



SUMMARY OF THE INVENTION 
[0008] 
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An object of the present invention is to provide a reliable electric power 
supply unit which supplies the power supply voltage in the regulator which 
generates two or more power supply voltages. 
[0009] 

5 One configuration of the present Invention is as follows. 

An electric power supply unit comprising; 

a first regulator which converts the voltage of a battery supplied by the 
battery into a fixed voltage, 

a second regulator which generates a lower voltage than said first 
10 regulator, 

a voltage detection means which outputs an OFF signal when the output 
voltage of the first regulator drops less than a first set voltage, and outputs an ON 
signal when the output voltage of said first regulator rises more than a second set 
voltage, and 

lfi a means which stops the voltage output from said second regulator when 

the OFF signal is output from said voltage detection means. 
[0010] 

Because there is provided a voltage detection means which outputs an 
" OFF signal when theputput voltage of Ihe first regulator drops less"thah a first set 
20 voltage, and outputs an ON signal when the output voltage of said first regulator 
rises more than a second set voltage in the present invention, the isolation can be 
prevented from collapsing in the microcomputer even when two power supply 
voltages supplied to the microcomputer is reversed by some circumstances, and 
latch-up can be prevented from being generated in the microcomputer which 
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should supply high and low voltages. 
[0011] 

Another configuration of the present Invention is as follows. 
An electric power supply unit comprising; 
5 a first regulator which converts the battery voltage supplied by the battery 

into a first voltage. 

a third regulator which converts the first voltage output from said first 
regulator into a second voltage. 

a second regulator which converts the second voltage output from said 
10 third regulator into a third voltage. 

a first voltage detection means which outputs an OFF signal when the 
second voltage output from said third regulator drops less than the first set voltage, 
and outputs an ON signal when the second voltage output from said third regulator 
rises more than the second set voltage, and 
is a means which stops the voltage output from said second regulator when 

an OFF signal is output from said finst voltage detection means. 
[0012] 

Because there are provided a first voltage detection means which outputs 
ah OFF signafwhen the second voltage output from said third l-^ufafor drops less" 
20 than the first set voltage, and outputs an ON signal when the second voltage output 
from said third regulator rises more than the second set voltage, and a means 
which stops the voltage output from said second regulator when the second voltage 
output from said third regulator drops less than the first set voltage, the isolation 
can be prevented from collapsing in the microcomputer even when two power 
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supply voltages supplied to th microcomputer is reversed by some circumstances, 
and latch-up can be prevented from being generated in the microcomputer which 
should supply high and low voltages. 
[0013] 

5 A further configuration of the present invention is as follows. 

An electric power supply unit comprising; 

a first regulator which converts the battery voltage supplied by the battery 
into a first voltage. 

a third regulator which converts the first voltage output from said first 
10 regulator into a second voltage. 

a second regulator which converts the first voltage output from said first 
regulator into a third voltage. 

a first voltage detection means which outputs an OFF signal when the 
second voltage output from said third regulator drops less than the first set voltage, 
15 and outputs an ON signal when the second voltage output from said third regulator 
rises more than the second set voltage, and 

a means which stops the voltage output from said second regulator when 
an OFF signal is output from said first voltage detection means. 
~~ [0014] r r ~ 

20 Because there are provided a first voltage detection means which outputs 

an OFF signal when the second voltage output from said third regulator drops less 
than the first set voltage, and outputs an ON signal when the second voltage output 
from said third regulator rises more than the second set voltage, and a means 
which stops the voltag output from said second regulator when an OFF signal is 
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output from said first voltage detection means, the isolation can be prev nted from 
collapsing in the microcomputer even when two power supply voltages supplied to 
the microcomputer which should supply high and low voltages is reversed by some 
circumstances, and latch-up can be prevented from being generated in the 
5 microcomputer. 
[0015] 

A further configuration of the present invention is as follows. 
An electric power supply unit comprising a second voltage detection means 
which stops the first voltage output from said first regulator by outputting an OFF 
10 signal when the first voltage output from said first regulator drops less than the third 
set voltage. 
[0016] 

Because a second voltage detection means which stops the first voltage 
output from said first regulator when the first voltage output from said first regulator 
15 drops less than the third set voltage, the microcomputer can be prevented from 
malfunctioning due to the decrease in the first voltage output from the first 
regulator. 
[0017] 

Other features of the present "inven¥on "are expfedn We"em6bdimehr 
20 described later. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the first embodiment of electric power 
supply unit according to the present invention. 

r 
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FIGL 2 is a detailed circuit diagram of electric power supply unit shown in 

FIG. 1. 

FIG. 3 is a timing chart of the output voltage of each regulator at the 
starting/stopping of the battery voltage supplied by the battery according to the first 
5 embodiment of the electric power supply unit shown in FIG. 2. 

FIG. 4 is a timing chart at the time the output voltage output from the 
regulator according to the first embodiment of the electric power supply unit shown 
in FIG. 2. 

FIG. 5 is a flow chart showing the state when electric power supply unit 10 
10 according to the first embodiment overheats, and the internal temperature of 
electric power supply unit 10 becomes abnormal. 

FIG. 6 is a circuit diagram showing the second embodiment of the electric 
power supply unit according to the present invention. 

FIG. 7 is a timing chart at the starting/stopping of the battery according to 
15 the second embodiment of the electric power supply unit shown in FIG 6, in which 
a going up and down type switching regulator is used. 

FIG. 8 is a block diagram showing a third embodiment of the electric power 
supply unit according to the present invention. 

20 [0018] 

DESCRIPTION OF THE PREFFERED EMBODIMENT 

FIG 1 shows a first embodiment of the electric power supply unit according 
to the present invention. 

That is, in FIG 1 > regulator 2 (a first regulator) is connected to battery 1 , 
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and battery voltage V1 supplied by battery 1 is supplied to regulator 2. This 
regulator 2 converts battery voltage V1 of 22V for instance into a fixed voltage (for 
instance, 7.8V) and outputs it. Regulator 3 (a third regulator) and regulator 4 (a 
second regulator) are connected to the output terminal of this regulator 2. 
[0019] 

Moreover, a voltage detector 5 (a second voltage detection means) is 
connected to the output terminal of this regulator 2. The output of this voltage 
detector 5 is connected to regulator 2. Moreover, voltage detector 6 (a first voltage 
detection means) is connected to the output terminal of regulator 3. The output of 
this voltage detector 6 is connected to regulator 4. 
[0020] 

Electric power supply unit 10 comprises regulator 2, regulator 3, regulator 4, 
voltage detector 5, and voltage detector 6. Overheating detector 7 which detects 
the abnormal temperature in electric power supply unit 10 is provided in this electric 
power supply unit 10. This overheating detector 7 is connected to regulator 2. 
Moreover, microcomputer 8 is connected to this electric power supply unit 10. 
[0021] 

This regulator 3(the third regulator) generates voltage of 5V which is most 
suitable for; for example^ Fhe I/O power supply ^fthemicro 
voltage V2 (the first voltage) output from regulator 2 (the first regulator), and 
outputs the voltage to microcomputer 8 as output voltage V3 (the second voltage). 
Moreover, this regulator 4 (the second regulator) generates voltage of 3.3V which is 
most suitable for the CPU core power supply of the microcomputer from output 
voltage V2 output from regulator 2 (the first regulator), and outputs the voltage to 
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microcomputer 8 as output voltage V4. 
10022] 

Regulator 2 (the first regulator) generates by using battery voltage V1 such 
a voltage that the loss of regulator 3 (the third regulator) and regulator 4 (the 
second regulator) can be decreased and the target voltage V3a of regulator 3 and 
the target voltage V4a of regulator 4 can be output, and outputs it. 

[0023] 

Voltage detector 5 detects the output voltage of regulator 2(the first 
regulator). Voltage detector 5 outputs an OFF signal to regulator 2 when the 
detected output voltage of regulator 2 drops less than the first set voltage, and 
stops regulator 2. Further, voltage detector 5 outputs the ON signal to regulator 2 

r 

when the detected output voltage of regulator 2 rises more than the fourth set 
voltage, and reactivates regulator 2 which is at rest temporarily. 
[0024] 

Voltage detector 6 detects the output voltage of regulator 3 (the third 
regulator). Voltage detector 6 outputs an OFF signal to regulator 4 (the second 
regulator) when the detected output voltage of regulator 3 drops less than the first 
set voltage, and stops regulator 4. Further, voltage detector 6 outputs an ON signal 
to regulator 4 (the second regulator) when the detected output Voltage ^ of regulator 
3 rises more than the second set voltage, and reactivates regulator 4 which is at 
rest temporarily. 
[0025] 

Overheating detector 7 detects the abnormal temperature in electric power 
supply unit 10. Overheating d tector 7 outputs an OFF signal to regulator 2 (the 
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first regulator) when the internal temperature of electric power supply unit 10 
reaches the first set temperature, and stops regulator 2. Further, overheating 
detector 7 outputs an ON signal to regulator 2 when the internal temperature of 
electric power supply unit 10 begins to descend from the second set temperature, 
5 and reactivates regulator 2 which Is at rest temporarily. 
[0026] 

Because the processing speed of the microcomputer becomes high in 
recent years, microcomputer 8 connected to electric power supply unit 10 has a 
plurality of electric power supply units. Output voltage V3 output from regulator 3 is 
10 chiefly input to this microcomputer 8 as an I/O power supply unit (generally, 5V) and 
output voltage V4 output from regulator 4 is input as a CPU core power supply unit 
(generally, 3.3V, but tend to become lower, for example, 2.6V or 1 ,8V, in future). 
[0027] 

Although there are provided the first regulator and the second regulator in 
15 the configuration according to claim 1 , this first regulator corresponds to regulator 2 
shown in FIGL 1 , which generates voltage of 5V suitable for the I/O power supply 
unit of the microcomputer from battery voltage V1 supplied by battery 1, and 
outputs the voltage to microcomputer 8 as output voltage V2 (the first voltage). 
" 7 [0028.1 ~ 7 ~ ~ Z 7 — "7 .. 

20 Although there are provided three regulators, the first regulator, the second 

regulator and third regulator in the configuration according to claim 5 or claim 6, this 
first regulator corresponds to regulator 2 shown in FIGL 1, the third regulator 3 
shown in FIG. 1, and the second regulator 4 shown in FIGL 1. Further, the first 
voltage detection means recited in claim 5 corresponds to voltage detector 6 shown 
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in FIG. 1. 
[0029] 

Further, the second voltage detection means recited in claim 7 corresponds 
to voltage detector 5 shown in FIG. 1 . 
5 [0030] 

FIQ 2 shows in detail each circuit of regulator 2, regulator 3, regulator 4, 
voltage detector 5, voltage detector 6, and overheating detector 7 in electric power 
supply unit 10 shown in FIG. 1 . 
[0031] 

10 In FIG. 2, regulator 2 is a depressor type switching regulator. The loss of 

the regulator is decreased by the application of the switching regulator to regulator 
2 like this. When battery voltage V1 supplied by battery 1 in future is made a high 
voltage like 42V for instance, this application becomes further effective. 

Because output voltage V2 (the first voltage) output from this regulator 2 is 

16 not input directly to microcomputer 8, but to regulator 3, the accuracy of the voltage 
Is not required. Further, because it is not necessary to consider the influence of 
the ripple voltage of output voltage V2 generated by regulator 2, there is an 
advantage that cheap inductance 22 and capacitor 24 can be used. 
[0032]" ~ 

20 That is, a smoothing circuit is connected to battery 1 through switching 

device 21. this switching device 21 controls in PWM (Pulse Width Modulation) 
battery voltage V1 supplied by battery 1 f and outputs to smoothing circuit 22. This 
smoothing circuit comprises inductance 23, capacitor 24, and diode 25, which 
smoothes battery voltage V1 supplied by battery 1 PWM -controlled by using 
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switching device 21, and outputs a constant voltage as output voltage V2 (the first 
voltage). 
[0033] 

The positive input terminal (+) of OP amplifier 27 is connected to the output 
5 terminal of this smoothing circuit 22 through potential divider 26 comprising two 
resistors. The negative input terminal (-) of this OP amplifier 27 is connected to 
reference voltage generation circuit 28. Controller 20 is connected to the output 
terminal of this OP amplifier 27. This OP amplifier calculates the difference 
between a voltage input to the positive input terminal (+) and a voltage input to the 
10 negative input terminal (-), and outputs it to controller 20. Moreover, controller 20 
controls the ON time of switching device 21 so that output voltage V2 output from 
regulator 2 according to the difference output from OP amplifier 27 can reach the 
target voltage V2a (for instance, 7.8V). 
[0034] 

15 Regulator 2 comprises switching device 21 , smoothing circuit 22, potential 

divider 26 f OP amplifier 27, reference voltage generation circuit 28, and controller 
20. 
[0035 ] 

Regulator^ Ts~a linear regulatorr which genefates~vbltage 5V from output 
20 voltage V2 (for instance, 7.8V) output from regulator 2, and outputs it as output 
voltage V3 (the second voltage) for the I/O power supply-unit of microcomputer 8. 
The linear regulator method is also effective to suppress the voltage of the ripple in 
order to apply output voltage V3 of 5V (the second voltage) output from regulator 3 
to the reference voltag of the A/D converter of microcomputer 8. 
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[0036] 

This regulator 3 has switching device 31 , The output terminal of regulator 2 
is connected to the input terminal of this switching device 31 . This switching device 
31 controls in PWM (Pulse Width Modulation) output voltage V2 (the first voltage) 
5 output from regulator 2, generates the voltage of 5V for instance, and outputs it as 
the output voltage V3 (the second voltage) for the I/O power supply unit of 
microcomputer 8. The positive input terminal (+) of OP amplifier 34 is connected to 
the output terminal of this switching device 31 through potential divider 33. The 
negative output terminal (-) of this OP amplifier 34 is connected to reference 
10 voltage generation circuit 35, and output terminal of this OP amplifier 34 is 
connected to switching device 31 . 
[0037] 

This OP amplifier 34 calculates the difference between a value converted in 
voltage output voltage V3 output from switching device 31 and input to the positive 

15 input terminal (+) by potential divider 33 and the reference voltage output from 
reference voltage generation circuit 35 and input to the negative input terminal (-), 
and outputs the result to switching device 31. This switching device 31 carries out 
the switching operation during ON time according to the difference voltage output 
from" OP amplifier 347 That is, the ON" time "of switching "device 21 is controlled 

20 according to the difference output from OP amplifier 34, and target voltage V2a (for 
instance, 5V) is obtained from output voltage V3 (the second voltage) output from 
regulator 3. Reference numeral 32 designates a capacitor for the phase 
compensation to stabilize the feedback system of linear regulator 3. 
[0038] 
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Regulator 3 comprises these switching device 31, phase compensation 
capacitor 32, potential divider 33, OP amplifier 34, and reference voltage 
generation circuit 35. 
[0039] 

5 Regulator 4 is a linear regulator which generates a voltage (for instance, 

3.3V) different from output voltage V 3 (the second voltage) output from regulator 3. 
The loss is suppressed smaller because the voltage of 3.3V generated by this 
regulator 4 is depressed from output voltage V2 (the first voltage) output from 
regulator 2. Therefore, the linear regulator system with few parts can be adopted as 
10 regulator 4, 
[0040] 

This regulator 4 has switching device 41. The input terminal of this 
switching device 41 is connected to the output terminal of regulator 2. This 
switching device 41 controls in PWM (Pulse Width Modulation) output voltage V2 

15 (the first voltage) output from regulator 2, generates the voltage of 3J3V for instance, 
and outputs it as output voltage V4 (the third voltage) for CPU core power supply 
unit of microcomputer 8. The positive input terminal (+) of OP amplifier 44 is 
connected to the output terminal of this switching device 41 through potential 
divider 43. The negative input terminal (-) of this OP amplifler44 Ts connected to 

20 reference voltage generation circuit 45, and the output terminal of this OP amplifier 
is connected to controller 46. 
[0041] 

This OP amplifier 44 calculates the difference between a value converted in 
voltage output voltage V4 output from switching device 41 and input to the positive 
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input terminal (+) by potential divider 43 and the reference voltage supplied from 
reference voltage generation circuit 45 and input to the negative input terminal (-), 
and outputs the result to controller 46.This controller 46 controls the ON time of 
switching device 41 by using the difference output from OP amplifier 44 so that 
5 output voltage V4 output from regulator 4 may become target voltage V4a (for 
instance, 3.3V). This controller 46 carries out the switching operation of the start 
and stop of switching device 41 according to the value of output voltage V3 output 
from regulator 3. 

Reference numeral 42 is a capacitor for the phase compensation to 
10 stabilize the feedback system of linear regulator 4. 
[0042] 

Regulator 4 comprises these switching device 41 , capacitor 42 for phase 
compensation, potential divider 43, OP amplifier 44, reference voltage generation 
circuit 45, and controller 46. 
15 [0043] 

Voltage detector 5 is one that observes the value of output voltage V2 
output from regulator 2. That is, the output terminal of switching device 21 of 
regulator 2 is connected to the positive input terminal (+) of OP amplifier 52 through 
potential divider 51. Reference~vo¥age geneTa^ 
20 negative input terminal (-) of this OP amplifier 52. The output terminal of this OP 
amplifier 52 is connected to controller 20 of regulator 2. This OP amplifier 52 
calculates the difference between a value converted in voltage output voltage V2 
output from switching device 21 and input to the positive input terminal (+) by 
potential divider 51 and the reference voltage output from reference voltage 



generation circuit 53 and input to the negative input terminal (-), and outputs the 
detection signal DS to controller 20 of regulator 2. 
[0044] 

An OFF signal is input to controller 20 when the value of the voltage input 
6 to the positive input terminal (+) of OP amplifier 52 through potential divider 51 
become larger than the reference voltage output from reference voltage generation 
circuit 53 and input to the negative input terminal (-) of OP amplifier 52. An ON 
signal is input thereto when the value of the voltage input to the positive input 
terminal (+) of OP amplifier 52 through potential divider 51 become smaller than the 

10 reference voltage output from reference voltage generation circuit 53 and input to 
the negative input terminal (-) of OP amplifier 52. The reference voltage when the 
OFF signal is output from this OP amplifier 52 is the third set value, and the 
reference voltage when the ON signal is output from this OP amplifier 52 is the 
fourth set value. The third and fourth set values have a hysteresis characteristic. 

15 [0045] 

Controller 20 of this regulator 2 turns off switching device 21 of regulator 2 
when an OFF signal Is output from OP amplifier 52, and turns on switching device 
21 of regulator 2 when the ON signal Is output from OP amplifier 52. The reason 
why the on-off control of switching de^ce~2Tby^output voltage ViToutpuT from 
20 regulator 2 is carried out by voltage detector 5 is to prevent microcomputer 8 from 
malfunctioning when output voltage V2 (the first voltage) output from the first 
regulator 2 drops less than the third set voltage (reference voltage output from 
reference voltage circuit 52) . 
[0046] 
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Voltage detector 5 comprises potential divider 51 , OP amplifier 52, and 
reference voltage generation circuit 53. ^ 
[0047] 

Voltage detector 6 observes the value of output voltage V3 (the second 
voltage) output from regulator 3. That is, the positive input terminal (+) of OP 
amplifier 62 is connected to the output terminal of switching device 31 of regulator 3 
through potential divider 61 . Reference voltage generation circuit 63 is connected 
to the negative input terminal (-) of this OP amplifier 62. Th e output terminal of this 
OP amplifier 62 is connected to controller 46 of regulator 4. 

This OP amplifier 62 calculates the difference between a value converted in 
voltage output voltage V3 output from switching device 31 and input to the positive 
input terminal (+) by potential divider 61 and the reference voltage output from 
reference voltage generation circuit 63 and input to the negative input terminal (-), 
and outputs the detection signal D6 to controller 46 of regulator 4. 
[0048] 

An OFF signal is input to controller 46 of this regulator 4 when the value of 
the voltage input to the positive input terminal (+) of OP amplifier 62 through 
potential divider 61 become larger than the reference voltage output from reference 
voltage generation circuit 63 arid input tcTthe negatrve~iriput term! rial (-) of OP 
amplifier 62. An ON signal is input thereto when the value of the voltage input to the 
positive input terminal (+) of OP amplifier 62 through potential divider 61 become 
smaller than the reference voltage outp ut from reference voltage generation circuit 
63 and input to the negative input terminal (-) of OP amplifier 62. The reference 
voltage when the OFF signal is output from this OP amplifier 62 is the first set value, 
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and the reference voltage when the ON signal is output from this OP amplifier 62 is 
the second set value. The first and second set values have a hysteresis 
characteristic. 
[0049] 

5 Controller 46 of this regulator 4 turns off switching device 41 of regulator 4 

when an OFF signal is output from OP amplifier 62, and turns on switching device 
41 of regulator 4 when the OM signal is output from OP amplifier 62. The reason 
why the on-off control of switching device 41 of regulator 4 by output voltage V3 
output from regulator 3 is carried out by voltage detector 6 is to prevent 
10 microcomputer 8 from malfunctioning when output voltage V3 (the second voltage) 
output from regulator 3 drops less than the first set voltage (reference voltage 
output from reference voltage circuit 63). 
[0050] 

Voltage detector 5 comprises potential divider 61, OP amplifier 62, and 
15 reference voltage generation circuit 63. 

[0051] 

Overheating detector 7 observes the internal temperature of electric power 
supply unitlO. That is F a fixed electric current is supplied to thermal detector 72 by 
constant voltage generation circuit 71 and~constert~ current sdijrce 737 The 
20 potential difference at the both ends of this thermal detector 72 changes according 
to the change in the internal temperature of electric power supply unit 10. Then, the 
potential difference caused by the temperature change in electric power supply unit 
10 and reference voltage generation circuit 75 are compared with comparator 74. 
Detection signal D7 of this comparator 74 changes when the potential difference at 
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both ends of thermal detector 72 changes, that is, the internal temperature of 
electric power supply unit 10 reaches a set temperature (the first overheating level). 
Namely, detection signal D7 output from comparator 74 changes from a Low sig nal 
into a Hi signal. Moreover, detection signal D7 output from comparator 74 changes 
5 from the Hi signal into the Low signal when the internal temperature of electric 
power supply unit 10 exceeds the set temperature (the first overheating level), and 
descends to the temperature less than a set temperature (the second overheating 
level). Detection signal D7 output from this comparator 74 is input to controller 20 of 
regulator 2. 
10 [0052] 

Controller 20 of this regulator 2 turns on switching device 21 of regula tor 2 
when the detection signal D7 at Low level Is output from comparator 74, and turns 
off switching device 21 of regulator 2 when the detection signal D7 at High level is 
output from comparator 74. The reason why the on -off control of switching device 

15 21 by output voltage V2 output from regulator 2 is earned out by overheating 
detector 7 is to prevent the components of electric power supply unit 10 from 
malfunctioning or breaking down when the internal temperature of electric power 
supply unit 10 rises abnormally. The reference voltage when detection signal D7 at 
a Hi level is output from this comparator 74, a set temperaturelthe first overfTeating 

20 level), and a set temperature (the second overheating level) when the Low signal is 
output from comparator 74 have a hysteresis characteristic. 
(0053] 

Overheating detector 7 comprises constant voltage generation circuit 71 , 
thermal detector 72, constant current source 73, comparator 74, and reference 
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voltage generation circuit 75. 
[0054] 

As described above, in controller 20 of regulator 2, the starting/stopping of 
switching device 21 of regulator 2 (starting/stopping of regulator 2) is decided 
5 depending on detection signal D6 output from detector 6 and detection signal D7 
output from overheating detector 7. 
(0055] 

Although a plurality of reference voltage generation circuits are used in this 
embodiments, one reference voltage generation circuit is generally used. Voltages 
10 are supplied to each part through the buffer. 
[0056] 

FIG. 3 shows a timing chart of the output voltage of each regulator at the 
starting/stopping of the battery voltage V1 supplied by battery 1 . 

In FIG. 3, battery voltage V1 is first supplied at timing a and electric power 
15 supply unit 1 0 is started as shown in FIG. 3(A). When battery voltage V1 is supplied 
by this battery 1, regulator 2 is started as shown in FIG 3(B), Output voltage V2 of 
regulator 2 approaches target voltage V2a as the battery voltage supplied by 
battery 1 rises. When regulator 2 is started and output voltage V2 is output, 
regulator 3 is started as shown in FIGL3(C). Output voltage V3 of regulator 3 
20 approaches target voltage V3a as the battery voltage V2 output from regulator 2 
rises. 
[0057] 

The limitation by expression (1) exists between output voltage V3 output 
from regulator 3 and output voltage V4 output from regulator 4 in microcomputer 8 
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with a plurality of power supplies. 

output voltage V3 ^ output voltage V4 (1) 

[0058] 

Moreover, The limitation by expression (2) exists according to 
5 microcomputer 8. 

output voltage V3 ~ output voltage V4 

^ fixed voltage (2) 

[0059] 

It is necessary to control regulator 4 so that expression (1) and expression 
10 (2) may hold for the starting/stopping of regulator 4. That is, when voltage detector 
6 detects at timing b that output voltage V3 output from regulator 3 is larger than 
voltage V3b (larger than target voltage V4a of regulator 4) as shown in FIG. 3(C), 
voltage detector 6 starts regulator 4 by detection signal D6 (ON signal). 

At this point, voltage V3b becomes a difference voltage between output 

i 

15 voltage V3 output from regulator 3 and output voltage V4 output from regulator 4. 
Therefore, voltage V3b is set so that expression (3) may be satisfied. 

voltage V4a ^ voltage V3b ^ fixed voltage (3) 

[0060] 

At timing c shown in FIGL3, when battery voltage TVi supplied by baft 
20 stops, output voltage V2 output from regulator 2 starts to drop,following battery 
voltage V1 as shown in FIG. 3(B). Further, output vo|tageV3 output from regulator 3 
also starts to drop as shown in FIGL 3(C). 
[0061] 

When voltage detector 6 detects output voltage V3 output from regulator 3 
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satisfying the condition of expression (4) voltage detector 6 changes detection 
signal D6 from the ON signal at the Hi level into the OFF signal at the Low level and 
output it at timing d as shown in FIG. 3(E). 
output voltage V3 ^ 

6 voltage V3b ~ hysteresis voltage V3c (4) 

When an OFF signal is output from this detector 6, regulator 4 is stopped 
by the OFF signal. Regulator 4 is stopped like this by the OFF signal from detector 
6, output voltage V4 output from regulator 4 is made to drop prior to output voltage 
V3 output from regulator 3, and the condition of expression (1) and expression (2) 
10 is satisfied. 1 
[0062] 

Hysteresis voltage V3c is set to satisfies following expression (5). 
voltage V4a ^ 

voltage V3b ~ hysteresis voltage V3c (5). 

15 [0063] 

FIGL 4 shows a timing chart when output voltage V2 output from regulator 2 
becomes an abnormal voltage. 

At timing a shown in FIG. 4, battery voltage V1 is first supplied by battery 1 
end electric power supply unit To starts. Regulator 2ls started~as showfTirT FIG. 
20 4(A) when battery voltage V1 is supplied from battery 1. Output voltage V2 of 
regulator 2 approaches target voltage V2a as battery voltage V1 supplied by 
battery 1 rises. When regulator 2 is started and output voltage V2 is output, 
regulator 3 is started as shown in FIG. 4(B). Output voltage V3 of regulator 3 
approaches target voltage V3a as battery voltage V2 output from regulator 2 rises. 
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[0064] 

When regulator 3 is started like this, Output voltage V3 output from 
regulator 3 is received by regulator 4, and an ON signal (detection signal D6) is 
output from detector 6 at timing b shown in FIG, 4 where outpu t voltage V 3 output 
5 from regulator 3 becomes more than voltage V3b. 
[0065] 

The normal operation waveform is obtained at each part from timing b 
shown in FIG. 4 to timing c shown in FIG 3. 

When output voltage V2 output from regulator 2 rises by some causes as 
10 shown in FIG. 4(A) at timing c shown in FIG 4, overvoltage (the third set value) is 
detected by voltage detector 5 at timing d shown in FIG 4, and voltage V2 reaches 
voltage V2b (overvoltage judgment value), detection signal D5 (overvoltage OFF 
signal) is output to controller 20 of regulator 2 as shown in FIG. 4(B). When 
detection signal D5 (overvoltage OFF signal) is output from detector 5, regulator 2 
15 is intercepted by detection signal D5 (overvoltage OFF signal) output from detector 
5. 
C0066] 

When the output of output voltage V2 output from this regulator 2 is 
stopped, battery voltage VI supplied by battery 1 I I^i nteTrap 
20 that, output voltage V2 output from regulator 2 begins to drop as shown in FIG 4(A), 
and voltage detector 5 detects hysteresis voltage V2c at timing e shown in FIG 4. 
That is, when voltage detector 5 detects output voltage V2 output from regulator 2 
which satisfies following expression (6) at timing e shown in FIG 4, voltage detector 
5 outputs detection signal D5 (reactivation voltage ON signal) and reactivates 
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regulator 2. 

output voltage V2 ^ 

voltage V2b ~ hysteresis voltage V2c (5) 

[0067] 

Output voltage V 2 output from regulator 2 rises again after the reactivation 
of this regulator 2. When overvoltage (the third set value) detected again by voltage 
detector 5 at timing f shown In FIG. 4 reaches voltage V2b (overvoltage judgment 
value), detection signal D5 (overvoltage OFF signal) is output from detector 5 to 
controller 20 of regulator 2 again as shown from detector as shown in FIG. 4(B). 
When detection signal D5 (overvoitage OFF signal) is output from this detector 5, 
regulator 2 is intercepted again by detection signal D5 (overvoltage OFF signal) 
output from this detector 5. That is, battery voltage V1 supplied by battery 1 is 
intercepted electrically by stopping the output of output voltage V2 output from 
regulator 2. Voltage detector 5 outputs detection signal D5 (reactivation voltage ON 
signal) and reactivates regulator 2 when output voltage V2 output from regulator 2 
drops up to hysteresis voltage V2c at timing g shown in FIG. 4 as shown in FIG 
4(A). 
[0068] 

rhe interceptiorTahd reactivation are repeated to suppress to overvoltage 
judgment value V2b or less and protect the regulator in subsequent stage from the 
loss deterioration when output voltage V2 output from this regulator 2 is not 
stabilized to target voltage V2a as shown in graph from timing d to timing g. 
Regulator 2 is intercepted when output voltage V2 detected by voltage detector 5 
and output from regulator 2 reaches overvoltage judgment value V2b. regulator 2 
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r activates when output voltage V2 output from regulator 2 begins to drop and 
reaches hysteresis voltage V2c, and voltage detector 5 detects hysteresis voltage 
V2c. 
[0069] 

5 After then, If this regulator 2 is reactivated and has returned normally (when 

output voltage V2 output from regulator 2 does not rise again after the reactivation), 
^Output voltage V2 output from regulator 2 becomes target voltage V2a at timing g 
shown in FIG. 4, and becomes steady at target voltage V2a thereafter. 
[0070] 

10 FIG. 5 is a flow chart showing the state when electric power supply unit 10 

overheats, and the internal temperature of electric power supply unit 10 becomes 
abnormal. 

In FIG 5 f battery voltage V1 is first supplied from battery 1 at timing a 
shown in FIG. 5 and electric power supply unit 10 is started. Regulator 2 is started 
15 when battery voltage V1 is supplied from battery 1 as shown in FIG. 5 (A). Output 
voltage V2 of regulator 2 approaches target voltage V2a as battery voltage V1 
supplied by battery 1 rises. When regulator 2 is started and output voltage V2 is 
output, regulator 3 is started as shown in FIG 5(D). Output voltage V3 of regulator 
3 approaches target voltage V3aas battery" voltage V2 "^^ut from~re^ulator^2 
20 rises. 

[0071] 

The ON signal (detection signal D6) is output from detector 6 at timing b 
shown in FIG. 4 where output voltage V3 output from regulator 3 becomes voltage 
V3b or more after regulator 3 starts as shown in FIG. 5(E). Regulator 4 starts as 
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shown in FIGL 5(E) by the ON signal (detection signal D6) from detector 6, and 
output voltage V4 output from regulator 4 rises. 
[0072] 

The normal operation waveform is obtained at each part at the time of 
5 timing b to timing c shown in FIG. 5. 

Now, overheating detector 7 detects that the internal temperature of electric power 
supply unit 10 becomes an abnormal temperature when temperature T in electric 
power supply unitio reaches the first set temperature t1 by some causes as shown 
in FIG. 5(B) at timing c shown in FIG. 5. Overheating detector 7 outputs the signal 

10 (Hi signal) obtained by reversing detection signal D7 (Low signal) as shown in FIG. 
5(C). This reversed detection signal D7 from overheating detector 7 is received, 
and regulator 2 is stopped as shown in FIG. 5(C). Output voltage V2 output from 
regulator 2 drops as shown in FIG. 5(A), and output voltage V3 output from 
regulator 3 drops following the drop of output voltage V2 as shown in FIG. 5(D). 

15 [0073] 

When output voltage V3 output from this regulator 3 decreases, and output 
voltage V3 output from regulator 3 decreases up to voltage V3b ~ hysteresis 
voltage V3c as shown In FIG. 5(D), voltage detector 6 detects varying output 
voltage V^output from i regulator 37and outputs the signal (Low signal)~obtaihed by 
20 reversing detection signal D6 (Hi signal) as shown in FIG. 5(F). Regulator 4 is 
stopped by detection signal D6 of voltage detector 6, and output voltage V4 output 
from regulator 4 is decreased. 
[0074] 

When temperature T in electric power supply unit 10 descends after 
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stopping r gulator 2, and decreases up to temperature t1 - t2 as shown in FIGL 
5(B) at timing e shown in FIGL 5, detection signal D7 of overheating detector 7 
reverses from the Hi si gna! (OFF signal) to the Low signal (ON signal) as shown in 
FIG. 5(C), Regulator 2 is reactivated as shown in FIG. 5(A) upon receipt of the 
5 reversed detection signal D7 from overheating detector 7 as shown in FIG. 5(C) at 
timing e shown in FIG. 5. As a result, output voltage V2 output from regulator 2. 
[0075] 

Output voltage V3 output from regulator 3 rises, following the rise of output 
voltage V2. 

10 When output voltage V3 reaches voltage V3b or more, output from 

regulator 3 like showing to FIG. 5 (D), detection signal D6 of voltage detector 6 is 
reversed to the HI signal (ON signal) as shown in FIGL 5(F), regulator 4 is started 
and output voltage V4 from regulator 4 rises as shown in FIG 5(E). 
[0076] 

15 A second embodiment of electric power supply unit according to the 

present invention is shown in FIG. 6. 

The different point in configuration between the second embodiment shown 
in FIG 6 and the first embodiment shown in FIG. 2 is in that the going up and down 
type switching regulator is used in the second embodiment though theTrst 
20 embodiment adopts the going down type switching regulator. Because other 
components in the second embodiment are the same as ones in the first 
embodiment, the explanation for them is omitted herein. 
[0077] 

In FIG. 6, switching device 202, diode 201 , potential divider 203, reference 
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voltage generation circuit 204, and comparator 205 are added to the configuration 
shown in FIG. 2. The added circuit operates when battery voltage V1 supplied by 
battery 1 is lower than target voltage V2a of output voltage V2 output from regulator 
2. Output voltage V2 output from regulator 2 lower than target voltage V2a is 
5 detected by comparing the voltage divided by potential divider 203 with the 
reference voltage from reference voltage generation circuit 204 by using 
comparator 205. 
[0078] 

That is, switching device 21 is fixed at an ON state under the following 
10 condition. 

battery voltage V1 ^ target voltage V2a 

Battery voltage V1 supplied by battery 1 is boosted by the PWM control of 
switching device 202 to generate output voltage V2 output from regulator 2. 
[0079] 

15 Output voltage V2 output from regulator 2 controls an amount of the electric 

current supplied by calculating the difference between the reference voltage 
supplied by the reference voltage generation circuit 26 and the voltage divided by 
potential divider 25 by OP amplifier 27, that is, an amount of the PWM for switching 
device 202. ~ ~ 

20 [0080] 

When the relationship between the battery voltage V1 supplied from battery 
1 and target voltage V2a of output voltage V2 output from regulator 2 satisfies the 
following express, the going down operation is performed. 

battery voltage V1 > target voltag V2a 
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[0081 ] 

That is, switching device 202 is fixed at an OFF state, and output voltage 
V2 output from regulator 2 is depressed by the PWM control of switching device 21 
as well as the case in the first embodiment shown in FIG. 2. 
5 [0082] 

FIG. 7 shows a timing chart at the starting/stopping of power supply unit 
where a going up and down type switching regulator is used as regulator 2. 

FIG 7 shows waveforms at the starting/stopping of the power supply unit 
where a going up and down type switching regulator is used as regulator 2. 
10 [0083] 

In FIG. 7, battery voltage V1 is first supplied from battery 1 at timing a 
shown in FIG. 7 as shown in FIG 7(a) and electric power supply unit 1 0 is started. 
Regulator 2 is started when battery voltage V1 is supplied from battery 1 as shown 
in FIG. 7 (B). Output voltage V2 of regulator 2 also rises as battery voltage V1 
15 supplied by battery 1 rises. When regulator 2 is started and output voltage V2 is 
output, regulator 3 is started as shown in FIG. 7(C). Output voltage V3 of regulator 
3 also rises as battery voltage V2 output from regulator 2 rises. 
[0084] 

the switching device 202 for a booster regulator starts to perform the PWM 
20 operation when battery voltage V1 supplied by battery 1 rises up to an operable 
voltage at timing b as shown in FIG 7(A). Output voltage V2 output from regulator 2 
begins to perform the boosting operation toward target voltage V2a as shown in 
FIG. 7(B). Output voltage V3 output from regulator 3 follows and rises as shown in 
FIG 7(C) from the beginning of this boosting operation. When voltage detector 6 
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detects that output voltage V3 output from regulator 3 reaches voltage V3b or more 
as shown in FIG. 7(C), detection signal D6 (Hi signal) is output from voltage 
detector 6 to controller 46 of regulator 4. 
[0085] 

5 Regulator 4 is started by detection signal D6 of this voltage detector 6, and 

output voltage V4 output from regulator 4 rises. Output voltage V4 output from 
regulator 4 begins to rise toward target voltage V4a at timing c shown in FIG 7 
when this regulator 4 is started. When battery voltage V1 supplied by battery 1 
reaches voltage V2a or more, regulator 2 stops the boosting operation as shown in 
10 FIG 7 (A), that Is, switching device 202 is stopped, and the going down operation 
by the PWM control of switching device 21 is started. 
[0086] 

When battery voltage V1 supplied by battery 1 drops and battery voltage 
V1 reaches voltage V2a or less at timing d shown in FIG. 7 as shown in FIG. 7(A), 
15 regulator 2 stops the going down operation, that is, switching device 202 is fixed in 
an ON state, and the boosting operation by the PWM control of switching device 
202 is started. 
[0087] 

When battery voltage V1 "supplied by battisry l' reaches booster "circuit 
20 operable voltage or less at timing e shown in FIG, 7 as shown in FIG. 7(A), regulator 
2 is stopped as shown in FIG. 7(B). 

Output voltage V2 output from regulator 2 follows battery voltage V1 
supplied by battery 1 and drops. 
[0088] 
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When voltage detector 6 detects that output voltage V3 output from 
regulator 3 reaches voltage V3b - hysteresis voltage V3c or less, voltage detector 
6 outputs detection signal D6 (Low signal) to controller 46 of regulator 4 as shown 
in FIG. 7(E). Regulator 4 is intercepted by detection signal D6 from voltage detector 
5 6. 

[0089] 

A third embodiment of electric power supply unit according to the present 
invention is shown in FIG. 8. 

The different point in configuration between the third embodiment shown in 
10 FIG. 8 and the first embodiment shown in FIG 1 is in that regulator 4 is connected 
at the subsequent stage of regulator 3 in the third embodiment shown in FIG 8 
though regulators 3 and 4 are connected In parallel with voltage V2 output from 
regulator 2 in the first embodiment Other components in the third embodiment are 
the same as ones in the first embodiment. The th ird embodiment shown In FIG. 8 
15 does not have the difference in effect compared with the first embodiment 
[0090] 

Although in the first embodiment shown in FIG. 1 and the second 
embodiment shown in FIG. 6, regulator 2 is composed of the switching regulator 
and regulators 3 and^ a^ present Invention 

20 is not limited to such configuration. In addition, although three regulators are used 
, in the first embodiment shown in FIG 1 and the second embodiment shown in FIG. 
6, the present invention is not limited to three regulators, and a plurality of 
regulators can be used by various requests. 



